Many people living in the Sodwana area of South Africa do not have access to potable water.
INTRODUCTION
According to WHO (), sub-Saharan Africa is one of the regions that did not meet the Millennium Development Goals for drinking water in 2015. About 319 million people in the region do not have access to improved drinking water resources. The development of improved drinking water resources that was achieved by some countries in the region has focused exclusively on the urban areas leaving the rural areas without access to potable water. Despite massive investments in the water sector, clean drinking water is still only a dream for many of the rural poor. Piped water does not exist in 40% of the rural communities in sub-Saharan Africa and only about half of this percentage can abstract drinking water from other sources such as rivers, streams, wells and springs (UNDESA ). The crisis disproportionately affects rural people, denying them their fundamental rights to potable water and making them more vulnerable to diseases.
Millions of rural sub-Saharan Africans dwell on unconsolidated sediments. In such areas groundwater is located in layers of sands or gravels, is shallow in depth and therefore easier to access for drilling. When such sediments cover large areas, exploitation of substantial quantities of potable water is possible (Carter et al. ) .
The major impediments to improving water access for these people include inadequate understanding of the local and regional aquifer system and the high cost of drilling the aquifers. Lack of information on the aquifer system is a major factor that can limit the accessibility to good quality fresh water.
The majority of the people living on the coastal plain, north coast of Kwazulu-Natal, South Africa have a similar daily struggle to obtain potable water to meet their basic needs. Local householders receive their water supply from different sources, namely, a piped supply from the Mbazwana municipality, local boreholes, rainwater, and tanker transported water. The municipal supply pipeline has been over-extended with the result that flow is inadequate and households only receive about half of their water requirements. Lake Sibaya, which is the main source of fresh water in the area, is under stress due to over-abstraction and climate change. Groundwater is, therefore, the only alternate source of fresh water but is beyond their reach due to high drilling costs and also inadequate understanding of the aquifer system. Groundwater utilization in the area ranges from extraction of seasonal groundwater from shallow, hand-dug wells to drilling of boreholes for family or communal use and development of groundwater wellfields for agricultural projects. Moreover, the seasonal fluctuation of groundwater level requires deep drilling to at least 30-50 m below the water table (Vegter ) . This is beyond the capability of the low technology drillers in the area.
Groundwater as a water resource in the coastal plain has three competitive advantages (DWS , ): (c) Phased development: When developing a surface water resource, future demands need to be considered; as a result, massive capital expenditure is required for infrastructure which will only be used within the next 20 years to 30 years, whereas groundwater resources can be developed as the need arises. to give the best potential to encounter groundwater. Therefore, areas of high apparent resistivity were marked with pegs and prioritized for drilling.
Schlumberger arrays were then conducted at peg locations to obtain a vertical electrical sounding (VES).
Both methods were employed at each location with the exception of four sites (SOD 07, SOD 08, BH27, and WES 01) where Schlumberger arrays were undertaken only due to limitations regarding locating positions within the park. VES data were interpreted using IPI2win (Lite) software.
Seventeen boreholes were successfully drilled on these sites. All the boreholes had suitable amounts of water for conducting pump testing. Drilling was purposefully not extended into the Cretaceous and generally was stopped as close to it as was able to be interpreted from the geophysical result and experience of drilling in the area. 
Pump test results
Test pumping of the boreholes was conducted using a positive displacement mono-type pump and included step and constant discharge tests at each location, with associated
recovery. All boreholes were tested with the exception of the piezometer boreholes (which includes WES 01 on the western shores of Lake St. Lucia), and only a step test was undertaken at SOD 03, as fine sand was being pumped at higher yields during the step test. In general, three to five steps were specified dependent on the observed borehole response with the pumping rate during each step. Duration of steps was variable and in many cases shortened to 15 minute steps, based on aquifer responses, and the limited time frames to complete the project. The results of the step tests were analysed on site and a constant discharge test rate was specified. The constant discharge tests were run for between 8 and 12 hours. Discharge rates were often limited by the size of the pump that could fit into the casing installed in the borehole, and the preferred discharge rate to stress the aquifer was not always achievable. Test pumping results have been analysed using FC-Program to assess the characteristics of the aquifer, and to obtain an indication of the sustainable pumping rate from the boreholes.
Water quality analysis
According to Still & Nash () 
Drilling method requirements
Most drilling in the formal sector uses heavy, expensive, truck-mounted drilling equipment, which was developed for the mining industry. It has the capacity to drill to great depths and large diameter bores, typically in excess of 150 m and with diameters larger than 10 inches (305 mm).
In practice, such equipment is mostly used for drilling bore- The following five elements are responsible for most drilling costs:
• The drilling equipment (truck, rig and tools). The value of the capital is depreciated over the typical 5-8 year lifespan of the equipment. The depreciation value is reduced to a cost per hole or a cost per metre drilled.
• Consumables (fuel and oil, guar gum, casing, gravel pack and maintenance). These costs are itemized and calculated per hole.
• Direct labour for drilling crew. These costs are itemized and calculated per hole.
• Overheads (cost of capital, interest, logistics and administration). 
Improved drilling equipment
To establish local drilling contractors in an industry dominated by high-investment drilling companies from the formal water sector, trailer-mounted rigs have to be developed or sourced locally. The important basic rig specifications that were considered required the rig to be towable by a light delivery vehicle; to be operated with a small crew using 2 m long drilling rods; capable of drilling in unconsolidated sediments; a bore size suitable for fitting a 4 inch (102 mm) PVC casing on completion of the hole and for fitting hand pumps and solar pumps.
RESULTS

Aquifers for future exploitation
The VES survey helped us to identify two dominant productive target aquifers. They were composed of the deep 
Pump test results
Pumping tests were conducted on the monitoring boreholes using Jacob's straight method. The results indicated wide variation in the transmissivity of the shallow and deeper aquifers of the study area. The shallow aquifer showed transmissivity values that ranged from 10 to 5,544 m 2 /day while the deeper aquifer showed transmissivity values that ranged from 5 to 587 m 2 /day.
Hydrocensus and water quality results
These people have traditionally collected water from shallow unprotected wells, which are dug in or near to river beds and pans. There is no waterborne sanitation in the area. All defecation is either carried out in the bush, or using pit latrines.
The water table depth varies according to the topography, but is generally between 5 and 20 m below the surface.
Water quality in protected family wells is found to be good, while shared community wells, particularly the older unprotected wells, show signs of contamination.
Water quality assessment indicated that all the boreholes tested showed water of acceptable drinking quality.
The laboratory test results indicate that the groundwater across the project area is generally within the limits set out in SANS  () for all determinants except for fluoride, iron, manganese and soluble organic carbon. Details are provided below:
• Fluoride exceeded the chronic health limit value of 1.5 mg/L in SOD 03.
• Iron exceeded the aesthetic limit value of 0.3 mg/L in nine of the 16 samples tested. The chronic health limit value for iron of 2 mg/L was exceeded in five samples.
• Manganese exceeded the aesthetic limit value of 0.1 mg/L in six of the 16 samples tested; the chronic health limit value was not exceeded.
• Soluble organic carbon exceeded the chronic health limit of 10 mg/L in SOD 06B and SOD 08.
• The closeness of sampling to the drilling process is the probable source of increase in some of the constituents 
DISCUSSION OF RESULTS
The VES survey helped us to extend the identification of the two dominant productive target aquifers. The method is suit- and lower operating costs these enterprises will be able to drill boreholes at 50% the cost of formal drillers.
Drilling requires skillful operations based on sound knowledge. Experience from the study area showed that unregulated, inadequately trained, unprofessional low-cost drillers have installed poor quality wells that give a bad reputation to low-cost drilling in the area.
Once a low-cost drilling capacity building programme is 
RECOMMENDATIONS
To serve rural populations without a source of potable water adequately, a different approach is needed. First, detailed information on the aquifer system should be made available to the rural communities in the language they would understand. Such information should include target areas for drilling, the quantity of groundwater that can be abstracted from the aquifer, and also water quality control measures. Second, access by the rural population to local contractors with affordable drilling equipment and exploration techniques on unconsolidated sediments can be a tipping point for groundwater use in rural areas. Third, such quality trailer-mounted rigs could be an effective solution to increase the availability of potable water in southern Africa and to create jobs.
